Control immunoglobulins had no detectable effect (Fig. 1A-B) . Osteoclast differentiation was virtually completely blocked by IL-1RA (94% inhibition, p<0.0001, not shown) or a combination of the anti-IL-1α and anti-IL-1β antibodies (97% inhibition, Fig. 1A, p<0 .0001). In vivo: Neither the IL-1 receptor single KO (not shown, N=17-24 mice) nor the IL-6 single KO (not shown, N=11-14 mice) significantly reduced particle-induced osteolysis in any of the 4 methods of analysis. Only 1 of the 4 analyses of the IL-1 receptor/IL-6 double KO indicated reduced osteolysis ( Fig. 2A-B , N=13-18 mice). Moreover, the difference was modest. Only 2 of the 4 analyses of the TNF receptor double KO indicated reduced osteolysis (Fig. 2C-D , N=12-13 mice). However, this was due to an unusually large difference in the level of apparent osteolysis between the wild type and KO mice following sham surgeries. Moreover, the apparent difference in the analysis of the entire parietal bones was of borderline significance.
DISCUSSION:
Osteoclast differentiation induced in vitro by titanium particles depended on IL-1α, IL-1β, IL-6, and TNFα. In contrast, KO of IL-6 or receptors for IL-1 or TNFα did not convincingly reduce particleinduced osteolysis in vivo. The difference between the in vivo and in vitro results is likely due to two factors. First, the cytokines are more likely to compensate for each other in KO mice than in antibody experiments. Second, the low signal to noise ratio in vivo makes it difficult to detect the effects of gene KO. Thus, the cell culture method is more useful for demonstrating the role of individual cytokines.
The low signal to noise ratio in vivo makes it necessary to study relatively large numbers of mice. For example, two groups initially reported that IL-6 KO significantly protects mice from particle-induced osteolysis [4] [5] . However, both groups found that examination of larger numbers of mice did not replicate the initial findings (this study and O'Keefe, personal communication). Thus, studies of osteolysis with small numbers of mice should be considered preliminary. In fact, a power analysis showed that the required N is 11 mice per group for the entire bone method and 10 mice per group for the suture region method (α = 0.05, power = 0.8, Δ=0.5). 
